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(54) BASE STATION DEVICE AND RADIO COMMUNICATION METHOD 

(57) Taking into account an optimal reception char- 
acteristic of a communication apparatus with variable 
directivity, the base station apparatus of the present 
invention has a communication apparatus with variable 
directivity positively accommodate a communication 
with a terminal in poor reception conditions, which 
makes it possible to reduce power of this terminal and 
reduce interference, thereby increasing the subscriber 
capacity in the system. 
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Description 

Technical Field 

[0001] The present invention relates to a base sta- 5 
tion apparatus and radio communication method in a 
digital radio communication system. 

Bacl^ground Art 

10 

[0002] A conventional radio communication system 
is explained. FIG.1 is a schematic view showing a con- 
ventional radio communication system using sector 
antennas. FIG. 2 is a schematic view showing a conven- 
tional radio communication system using variable direc- 15 
tivities. 

[0003] First, the conventional radio communication 
system using sector antennas is explained with refer- 
ence to FIG.1. For example, base station 1 carries out 
communications with three fixed directivities toward 20 
sector antenna (fixed directivity) A, sector antenna 
(fixed directivity) B and sector antenna (fixed directivity) 
C. Normally, setting such fixed directivities in different 
directions is called "sectorization." Base station 1 com- 
municates with terminal A2 with fixed directivity A. Base 25 
station 1 further communicates with terminal B3 with 
fixed directivity B. 

[0004] Thus, a radio communication system using 
many fixed directivities improves its reception charac- 
teristic using a diversity technology for increasing the 30 
number of antennas on the base station side. In a 
mobile communication environment in particular, the 
diversity technology compensates a drop of reception 
field intensity due to fading. 

[0005] Next, a conventional radio communication 35 
system using variable directivities is explained with ref- 
erence to FIG. 2. For example, base station 1 communi- 
cates with terminal A2 with variable directivity A. Base 
station 1 further communicates with terminal B3 with 
variable directivity B. 40 
[0006] Thus, carrying out communications with a 
narrow directivity formed for every terminal makes it 
possible to improve frequency utilization. This technique 
is reported in TECHNICAL REPORT OF lEICE A • P96- 
131 , etc. In addition, a system of performing control for 45 
every terminal so that a desired signal is received in 
optimal conditions and transmitting using a weighting 
factor generated at that time is described in 
ICIEC.Trans.COMMUN., VOL.E77-B, No.5 MAY, 1994. 
[0007] Moreover, a method for performing control 50 
for every terminal so that a desired signal is received in 
optimal conditions, using the improved reception quality 
for a reduction of transmit power on the terminal side 
and increasing the subscriber capacity of the uplink is 
described in TECHNICAL REPORT OF lEICE IT96-66 55 
(1997-03). The concept of transmit power control is 
reported in TECHNICAL REPORT OF lEICE A • 96-155 
(1997-02). 



[0008] However, according to the conventional sys- 
tem, if the size of sectors is reduced, handover takes 
place more frequently between different sectors, which 
complicates communication control by a base station 
interrupting communications. Furthermore, in a CDMA 
communication system, identical signals spread by dif- 
ferent spreading codes, are sent from a plurality of sec- 
tors to a same terminal to prevent the communication 
from being interrupted during handover. This function is 
called "diversity handover." However, signals directed to 
a same terminal are sent to a plurality of sectors during 
diversity handover, causing a shortage of the communi- 
cation capacity on the downlink (communication chan- 
nel from a base station to a terminal). 
[0009] Moreover, in the technique disclosed in 
ICIEC.Trans.COMMUN., VOL.E77-B, No.5 MAY, 1994, 
reception signal correlation is about 1 because a signal 
is received by an array antenna. In a mobile communi- 
cation environment, this will result in considerable dete- 
rioration in the characteristic when the intensity of a 
reception signal drops due to fading. Therefore, the 
communication quality needs to be compensated by 
diversity as in the case where sector antennas are 
used. However, since array antennas to form variable 
directivities are large and expensive, it is difficult to per- 
form diversity with a plurality of array antennas. 
[0010] Moreover, in the technique disclosed in 
TECHNICAL REPORT OF lEICE IT96-66 (1997-03), a 
drop of field intensity due to fading in a mobile commu- 
nication environment is compensated by transmit power 
control on the terminal side. However, this needs high- 
speed transmit power control to follow up the mobile 
communication environment, requiring an expensive 
transmission amplifier for the terminal. Furthermore, 
since deterioration of the reception quality at the base 
station is compensated by the terminal, transmit power 
of the terminal increases, whereas the communication 
time and wait time are shortened. 
[0011] Furthermore, since the conventional base 
station apparatus does not have a configuration that 
allows the number of terminals accommodated by the 
sector antennas or the number of terminals accommo- 
dated with variable directivities to be increased as 
required, the base station needs to be replaced. 

Disclosure of Invention 

[0012] It is an object of the present invention to pro- 
vide a base station apparatus and radio communication 
method, which are easy to control, resistant to fading in 
a mobile communication environment and capable of 
changing the number of terminals accommodated with 
variable directivities. 

[0013] A main subject of the present invention is to 
increase the subscriber capacity in the system, taking 
account of a good reception characteristic of a commu- 
nication apparatus with variable directivities, by having 
the communication apparatus with variable directivities 
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positively accommodate communications witli terminals 
in poor reception conditions and reducing power of 
tiiese terminals to reduce interference. 

Brief Description of Drawings 
[0014] 

FIG.1 illustrates a model of a conventional radio 

communication system; 

FIG. 2 illustrates another model of a conventional 
radio communication system; 
FIG.3 is a block diagram sinewing a configuration of 
a base station apparatus according to Embodiment 

1 of tlie present invention; 

FIG. 4 illustrates a model of a system according to 
the embodiment of the present invention; 
FIG.5 illustrates a relation between a gain and 
direction in the base station apparatus according to 

the embodiment above; 

FIG. 6 is a block diagram showing a directivity for- 
mation section of the base station apparatus 
according to the embodiment above; 
FIG. 7 is a block diagram showing a configuration of 
a base station apparatus according to Embodiment 

2 of the present invention; 

FIG. 8 is a block diagram showing a transmission 
directivity detection section of the base station 
apparatus according to the embodiment above; 
FIG. 9 is a block diagram showing a transmission 
directivity detection section of a base station appa- 
ratus according to Embodiment 3 of the present 
invention; 

FIG. 10 is a drawing to explain a directivity of the 
base station apparatus according to the embodi- 
ment above; 

FIG. 11 is a block diagram showing a transmission 
directivity detection section of a base station appa- 
ratus according to Embodiment 4 of the present 
invention; 

FIG.1 2 is a block diagram showing a reception sec- 
tion of the base station apparatus according to 
Embodiment 4 of the present invention; 
FIG.1 3 is a block diagram showing a reception sec- 
tion of a base station apparatus according to 
Embodiment 6 of the present invention; 
FIG.1 4 is a block diagram showing a base station 
apparatus according to Embodiment 7 of the 
present invention; 

FIG.1 5 is a block diagram showing a base station 
apparatus according to Embodiment 8 of the 
present invention; 

FIG.1 6 is a block diagram showing a combination 
section of the base station apparatus according to 
Embodiment 4 of the present invention; 
FIG.1 7 is a block diagram showing a combination 
section of a base station apparatus according to 
Embodiment 5 of the present invention; and 



FIG. 18 is a block diagram showing a base station 
apparatus according to Embodiment 9 of the 
present invention. 

5 Best Mode for Carrying out the Invention 

[0015] With reference now to the attached draw- 
ings, embodiments of the present invention are 
explained in detail below. 

10 

(Embodiment 1 ) 

[0016] FIG.3 is a block diagram showing a configu- 
ration of a base station apparatus according to Embod- 

15 iment 1 of the present invention. In the base station 
apparatus shown in FIG.3, signals received by array 
antenna 101 are subjected to amplification, frequency 
conversion and A/D conversion by radio transmis- 
sion/reception sections 105a to 105c. These signals are 

20 sent to variable directivity reception section 109 in 
which a plurality of directivities is formed and reception 
processing is carried out according to these directivities. 
Then, of the results of reception with directivity, the 
directivity corresponding to the largest reception power 

25 of a desired signal is selected and demodulated. The 
demodulation result is sent to switching section 1 1 0. 
[0017] Signals received by sector antennas 102 to 
104 are subjected to amplification, frequency conver- 
sion and A/D conversion by radio transmission/recep- 

30 tion sections 1 06 to 1 08, respectively and these signals 
are demodulated by reception sections 111 to 113 and 
the demodulation results are sent to switching section 
110. Switching section 110 gathers and outputs the 
reception signals into a single signal line. 

35 [0018] Assignment control section 117 controls 
assignment of the transmission signal to array antenna 
101 or sector antennas 102 to 104. If the transmission 
signal is assigned to the sector antennas, the transmis- 
sion signal is modulated by one of transmission sec- 

40 tions 114 to 116, subjected to quadrature modulation, 
frequency conversion and amplification by one of radio 
transmission/reception sections 106 to 108 and trans- 
mitted from one of antennas 1 02 to 1 04. 
[0019] On the other hand, if the transmission signal 

45 is assigned to the array antenna, the transmission sig- 
nal is modulated by variable directivity transmission 
section 1 1 9, multiplied by a directivity selected by varia- 
ble directivity reception section 109 and sent to radio 
transmission/reception sections 105a to 105c. The 

50 transmission signal is subjected to quadrature modula- 
tion, frequency conversion and amplification by the 
transmission section and transmitted from array 
antenna 101 . 

[0020] FIG. 4 is an illustration showing a directivity 
55 model in the base station apparatus according to this 
embodiment of the present invention (the same applies 
to the rest of embodiments). Base station 201 carries 
out communications with fixed directivities, for example. 



3 



5 



EP 1 039 663 A1 



6 



in three directions of sector antenna (fixed directivity A) 

202, sector antenna (fixed directivity B) 203 and sector 
antenna (fixed directivity C) 204, and a communication 
witli variable directivity in one direction of variable direc- 
tivity 205. For example, this radio communication sys- 5 
tem carries out a radio communication with terminal 206 
using sector antenna 202 and a radio communication 
with terminal 207 using array antenna (variable directiv- 
ity antenna) 205. 

[0021] Then, the operation of the base station 10 
apparatus with the above configuration is explained. 
[0022] On the receiving side, signals received from 
array antenna 101 are subjected to amplification, fre- 
quency conversion and A/D conversion by radio trans- 
mission/reception sections 105a to 105c and sent to 15 
variable directivity reception section 109 in which a plu- 
rality of directivities are formed. 

[0023] The directivity formation method here is 
described in "Antenna Engineering Handbook" (pub- 
lished by Ohmsha, October 30, 1 980) pp.200-205. That 20 
is, suppose N antennas simply spaced at regular inter- 
vals (d) on a straight line. Directivities can be expressed 
as shown in expressions (1) to (3). Expression (1) is a 
deformation of expression 3 • 3 of the reference above, 
expression (2) corresponds to expression 3 • 4 of the 25 
reference and expression 3 is a new description. 

A/-1 

L'nexp(y>7U) (1) 

n=0 30 

A/-1 

= /„ exp{-Jnkd cosQ)exp{jnkd cos 9) 

A7=0 
A/-1 

= ^ /„ exp{jnkd cose) 

n=0 35 

u = kd (cose - cose 0) (2) 
I ^ = I ^ exp(- jnkd cosQ q) (3) 40 



[0024] Where In' denotes a current given to the nth 
antenna (complex number having an amplitude and 
phase), k denotes the number of signals, 90 denotes a 45 
direction in which directivity is directed, and 9 denotes a 
variable to-draw directivity. For brevity, suppose In is in- 
phase and has a same amplitude, that is, ln=1 .0. By giv- 
ing each antenna exp(-jnkd • coseo) it is possible to 
direct the directivity in the 90 direction. 50 
[0025] Through such calculations, a plurality of 
weighting factors is prepared for every direction of 
arrival and reception with directivity is carried out using 
these weighting factors. For example, as shown in 
FIG.5, a case where weighting factors are prepared to 55 
form two directivities 301 and 302 is explained. More 
specifically, an outline of operation for reception with 
directivity is explained using FIG. 6. 



[0026] Array antenna reception signals are input to 
complex processing circuits 401 and 402. These array 
antenna reception signals correspond to the signals 
input from radio transmission/reception signals 105a to 
1 05c to variable directivity reception section 1 09. Com- 
plex processing circuit 401 multiplies the array antenna 
reception signals by the weighting factors generated by 
weighting factor generator 405 using expression (3) 
above to form directivity 301 . That is, one array antenna 
reception signal is multiplied by a weighting factor calcu- 
lated from expression (3) above when n=0, another 
array antenna reception signal is multiplied by a weight- 
ing factor calculated from expression (3) above when 
n=1, and the other array antenna reception signal is 
multiplied by a weighting factor calculated from expres- 
sion (3) above when n=2. These multiplication results 
are added up. 

[0027] Likewise, complex processing circuit 402 
multiplies the array antenna reception signals by the 
weighting factors generated by weighting factor genera- 
tor 405 using expression (3) above to form directivity 
302. That is, one array antenna reception signal is mul- 
tiplied by a weighting factor calculated from expression 
(3) above when n=0, another array antenna reception 
signal is multiplied by a weighting factor calculated from 
expression (3) above when n=1, and the other array 
antenna reception signal is multiplied by a weighting 
factor calculated from expression (3) above when n=2. 
These multiplication results are added up. 
[0028] Then, reception power of the desired signals 
of respective combined signals is measured by level 
detection sections 403 and 404 and these measure- 
ment results are sent to selection section 406. Selection 
section 406 outputs the combined signal and reception 
directivity of greater reception power of the desired sig- 
nals. Here, if the desired signals have almost the same 
reception power as the measurement results, selection 
section 406 selects the one with the greater signal-to- 
interference ratio. Furthermore, weighting factors gen- 
erated by weighting factor generator 405 are also sent 
to selection section 406. These reception signals corre- 
spond to signals sent from variable directivity reception 
section 109 to switching section 110 in FIG.3 and the 
reception directivity corresponds to signals sent from 
variable directivity reception section 109 to variable 
directivity transmission section 119 in FIG.3. 
[0029] On the transmitting side, assignment control 
section 117 performs control of assigning the transmis- 
sion signal to sector antennas 102 to 104 or array 
antenna 1 01 . When assigned to sector antennas 1 02 to 
104, the transmission signal is modulated by one of 
transmission sections 114 to 116 and subjected to 
quadrature modulation, frequency conversion and 
amplification by one of radio transmission/reception 
sections 1 06 to 1 08 and sent via one of sector antennas 
102 to 104. The signal flow in this case is as shown in 
FIG. 3. 

[0030] If array antenna 101 is selected, the trans- 



30 

35 

(2) 

(3) 40 
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mission signai is modulated by variable directivity 

transmission section 1 1 9, subjected to quadrature mod- 
ulation, frequency conversion and amplification by radio 
transmission/reception sections 105a to 105c and sent 
from array antenna 1 01 . 

[0031] Tlien, the assignment method in the base 
station apparatus above is explained. Assignment con- 
trol section 1 1 7 determines whether to assign the sector 
antennas or array antenna as the reception antenna 
according to the following method: 
[0032] First, a first assignment method is explained. 
[0033] Terminals with small interference with other 
terminals such as terminals carrying out voice commu- 
nication and low-speed data communication are accom- 
modated by the sector antennas (with fixed directivity), 
while terminals with large interference with other termi- 
nals such as terminals carrying out high-speed data are 
accommodated by the array antenna (with variable 
directivity). In particular, when the sector antennas are 
assigned as the reception antennas, since the sector 
antennas are configured by a plurality of sectors, it is 
preferable to assign them to directions in which the 
uplink control channel is received with the best quality. 
[0034] When controlling the assignment of anten- 
nas from the transmission signal, information on the 
information speed in the transmission signal is sent to 
assignment control section 117. Assignment control 
section 117 controls switching sections 110 and 118 
according to the first assignment method. 
[0035] On the other hand, when controlling the 
assignment of antennas from the reception signal, infor- 
mation on the information speed (data rate) in the 
reception signal is sent to assignment control section 
117. Assignment control section 117 controls switching 
sections 110 and 118 according to the first assignment 
method. 

[0036] Here, the data rate of the reception signal is 
measured and assignment processing is performed 
considering that the higher the data rate, the greater the 
interference with other terminals and the lower the data 
rate, the smaller the interference with other terminals. 
However, it is also possible to find the level of interfer- 
ence with other terminals using a different method and 
carry out assignment processing based on the result. 
[0037] Doing so, it is possible to narrow the trans- 
mission directivity for terminals with a large amount of 
interference, narrow the spatial area that gives interfer- 
ence and thus prevent deterioration of the reception 
quality of other terminals. Furthermore, using the array 
antenna with variable directivity, it is not necessary to 
transmit to a plurality of sectors for diversity handover 
between fixed CDMA sectors and it is possible to pre- 
vent the subscriber capacity from being reduced due to 
diversity handover. Moreover, in a CDMA communica- 
tion if a communication is carried out at high speed, it is 
necessary to increase transmit power, but it is possible 
to narrow the reception directivity for terminals with 
large interference and improve the reception quality of 



terminals communicating high-speed data, thereby 
allowing the communication range to be broadened. 
[0038] Then, the second assignment method is 
explained. Terminals with small interference with other 

5 [0039] terminals such as terminals carrying out 
voice communication and low-speed data communica- 
tion are accommodated by the sector antennas, while 
terminals with poor reception quality are accommo- 
dated by the array antenna. In particular, when the sec- 

10 tor antennas are assigned as the reception antennas, 
since the sector antennas are configured by a plurality 
of antennas, it is preferable to assign them to directions 
in which the uplink control channel is received with the 
best quality. 

15 [0040] When controlling the assignment of anten- 
nas from the transmission signal, information on the 
information speed in the transmission signal is sent to 
assignment control section 117. Assignment control 
section 117 controls switching sections 110 and 118 

20 according to the second assignment method. 

[0041] On the other hand, when controlling the 
assignment of antennas from the reception signal. Infor- 
mation on the information speed in the reception signal 
is sent to assignment control section 1 1 7. Here, the ter- 

25 minal apparatus is provided with a section for broad- 
casting the average reception level of a perch channel, 
which is a broadcast channel to determine whether the 
terminal apparatus is far from the base station or not. 
The terminal apparatus measures the average recep- 

30 tion level of the perch channel. Then, the terminal appa- 
ratus broadcasts this average reception level of the 
perch channel to the base station over the uplink. The 
base station decodes the information of the average 
reception level, which is the reception quality, and sends 

35 the information on this average reception level to 
assignment control section 117. Assignment control 
section 117 controls switching sections 110 and 118 
according to the second assignment method. 
[0042] Here, the reception quality is measured 

40 using the perch channel average reception level, but it is 
also possible to measure the reception quality using a 
frame error rate based on a CRC bit error determination 
or signal-to-interference ratio or other quality parame- 
ters. 

45 [0043] Doing so, it is possible to improve the quality 
of communications with terminals with poor communi- 
cation quality preferentially. 

[0044] Then, the third assignment method is 
explained. 

50 [0045] Terminals with small interference with other 
terminals such as terminals carrying out voice commu- 
nication and low-speed data communication are accom- 
modated by the sector antennas, while, of terminals 
with large interference with other terminals such as 

55 high-speed data communication, terminals located far 
are accommodated by the array antenna preferentially. 
In particular, this is effective when the number of termi- 
nals carrying out a high-speed communication exceeds 
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the number of communication apparatuses witli pro- 
vided variable directivities. Furtliermore, wlien tine sec- 
tor antennas are assigned, since tlie sector antennas 
are configured by a plurality of sectors, it is preferable to 
assign them to directions in which the uplink control 
channel is received with the best quality. 
[0046] When controlling the assignment of anten- 
nas from the transmission signal, information on the 
information speed in the transmission signal is sent to 
assignment control section 117. Assignment control 
section 117 controls switching sections 110 and 118 
according to the third assignment method. 
[0047] On the other hand, when controlling the 
assignment of antennas from the reception signal, infor- 
mation on the information speed in the reception signal 
is sent to assignment control section 1 17. Here, the ter- 
minal apparatus is provided with, for example, a section 
for broadcasting the average reception level of a perch 
channel, which is a broadcast channel to determine 
whether the terminal apparatus is far from the base sta- 
tion or not. The terminal apparatus broadcasts this aver- 
age reception level of the perch channel to the base 
station over the uplink. The base station decodes the 
information of the average reception level, which is the 
reception quality, and sends the information of this aver- 
age reception level to assignment control section 117. 
Assignment control section 117 controls switching sec- 
tions 110 and 118 according to the third assignment 
method. 

[0048] In this case, if no transmit power control is 
performed, it is determined by the level of the average 
reception level whether the terminal is located far or not. 
That is, a terminal whose average reception level is low 
is determined as a far terminal and this terminal is pref- 
erentially accommodated by the array antenna. On the 
other hand if transmit power control is performed, the 
average reception level is constant within a range in 
which transmit power control is possible, and therefore it 
is determined whether the terminal is located far or not 
by the average reception level within a range in which 
transmit power control is impossible in the same way as 
shown above. 

[0049] In this way, terminals with poorer communi- 
cation quality are accommodated by the provided com- 
munication apparatus with variable directivity. As a 

result, it is possible to preferentially improve the quality 
of communication with terminals with poor communica- 
tion quality. 

[0050] Then, the fourth assignment method is 
explained. 

[0051] Terminals with small interference with other 
terminals such as terminals carrying out voice commu- 
nication and low-speed data communication are accom- 
modated by the sector antennas, while, of terminals 
carrying out high-speed data communication, terminals 
carrying out faster data communication are accommo- 
dated by the array antenna preferentially. In particular, 
this is effective when the number of terminals carrying 



out a high-speed data communication exceeds the 
number of provided communication apparatuses with 
variable directivity. Furthermore, when terminals are 
assigned to the sector antennas, since the sector anten- 

5 nas are configured by a plurality of sectors, it is prefera- 
ble to assign them to directions in which the uplink 
control channel is received with the best quality. 
[0052] When controlling the assignment of anten- 
nas from the transmission signal, information on the 

10 information speed in the transmission signal is sent to 
assignment control section 117. Assignment control 
section 117 controls switching sections 110 and 118 
according to the fourth assignment method. That is, 
communication of a terminal carrying out a communica- 

15 tion at a higher data rate is preferentially accommo- 
dated by the array antenna. 

[0053] On the other hand, when controlling the 
assignment of antennas from the reception signal, infor- 
mation on the information speed in the reception signal 

20 is sent to assignment control section 117. Assignment 
control section 1 1 7 controls switching sections 1 1 0 and 
118 according to the fourth assignment method. 
[0054] Using such an assignment method, termi- 
nals carrying out faster data communication, that is, ter- 

25 minals with a larger amount of interference are 
accommodated by the provided communication termi- 
nal with variable directivity. As a result, it is possible to 
narrow transmission directivity toward terminals with a 
large amount of interference, narrow a spatial area that 

30 gives interference and thus prevent deterioration of 
reception quality of other terminals. 
[0055] Furthermore, because of diversity handover 
between CDMA sectors, it is not necessary to send data 
to a plurality of sector antennas and it is possible to pre- 
ss vent the subscriber capacity from being reduced due to 
diversity handover. Furthermore, in the CDMA commu- 
nication, if communication is carried out at high speed, 
it is necessary to increase transmit power, but it is pos- 
sible to narrow the reception directivity toward terminals 

40 with large interference and improve the reception quality 
of terminals communicating high-speed data, thereby 
broadening the communication range. This also makes 
control simpler and makes the system more resistant to 
fading in a mobile communication environment. 

45 [0056] In W-CDMA, a transmission rate may be 
broadcast from the network side or a variable rate may 
be used. In either case, the rate is identified and the 
assignment process above is carried out based on the 
identification result. That is, the transmission rate is 

50 identified by receiving information of the rate when 
broadcast from the network side and by measuring the 
rate in the case of a variable rate. 

(Embodiment 2) 

55 

[0057] FIG. 7 is a block diagram showing a configu- 
ration of a base station apparatus according to Embod- 
iment 2 of the present invention. The parts in FIG. 7 
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identical to tliose in FIG.3 are assigned tlie same codes 
as tinose in FIG.3 and tlieir detailed explanations are 
omitted. 

[0058] The base station apparatus shown in FIG. 7 
is provided with transmission directivity detection sec- 5 
tion 501 that detects transmission directivity based on 

the reception signal from radio transmission/reception 
sections 1 05a to 1 05c of array antenna 1 01 . Information 
on the transmission directivity detected by this transmis- 
sion directivity detection section 501 is sent to variable io 
directivity transmission section 119 in which transmis- 
sion directivities are changed. 

[0059] The operation of the base station apparatus 
according to Embodiment 2 of the present invention is 
explained using FIG. 7. 15 
[0060] Signals received by array antenna 101 are 
subjected to amplification, frequency conversion and 
A/D conversion by radio transmission/reception sec- 
tions 1 05a to 1 05c and sent to variable directivity recep- 
tion section 109. Here, variable directivity reception 20 
section 109 is explained using FIG. 8. This variable 
directivity reception section is implemented by an adap- 
tive array antenna. This adaptive array antenna is 
described in "Waveform Equalization Technology for 
Digital Mobile Communication" (published by Triceps 25 
Corporation on June 1, 1996, ISBN4-88657-801 -2), etc. 
[0061] For example, if adaptive array antenna 
processing is carried out so as to extract a desired sig- 
nal, directivity is directed to the desired signal and a por- 
tion with a small gain (called "null") is produced for an 30 
unnecessary signal (a signal identical to the desired sig- 
nal, but arrives at a different time because it travels 
through a different propagation path, or signal from 
another transmitter). An example of this directivity is 
shown in FIG. 10. 35 
[0062] In variable directivity reception section 109 
shown in FIG. 8, the signals received by array antenna 
are sent to weighting factor calculation section 604 in 
which weighting factors are calculated. These weighting 
factors are subjected to complex multiplication with the 40 
array antenna reception signals by complex multipliers 
601 to 603. These multiplication results are added up by 
adding section 605. This addition result becomes a 
reception signal. This corresponds to the output of vari- 
able directivity reception section 1 09. 45 
[0063] On the other hand, differential circuit 606 
calculates a difference between the addition result and 
a reference signal and this difference is sent to weight- 
ing factor calculation section 604 as an error signal. 
Weighting factor calculation section 604 updates 50 
weighting factors based on the error signal. 
[0064] On the other hand, a signal received by sec- 
tor antenna 102 is subjected to amplification, frequency 
conversion and A/D conversion by radio transmis- 
sion/reception section 106, demodulated by reception 55 
section 111 and the demodulation result is sent to 
switching section 110. A signal received by sector 
antenna 103 is subjected to amplification, frequency 
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conversion and A/D conversion by radio transmis- 
sion/reception section 107, demodulated by reception 
section 112 and the demodulation result is sent to 
switching section 110. A signal received by sector 
antenna 104 is subjected to amplification, frequency 
conversion and A/D conversion by radio transmis- 
sion/reception section 108, demodulated by reception 
section 113 and the demodulation result is sent to 
switching section 110. Switching section 1 10 gathers all 
reception signals together into one and outputs. 
[0065] On the transmitting side, assignment control 
section 117 performs control of assigning the transmis- 
sion signal to sector antennas 102 to 104 or array 
antenna 101. When assigned to sector antennas 102 to 
104, the transmission signal is modulated by one of 
transmission sections 1 14 to 116, subjected to quadra- 
ture modulation, frequency conversion and amplifica- 
tion by one of radio transmission/reception sections 106 
to 1 08 and transmitted by one of sector antennas 1 02 to 
104. The signal flow in this case is as shown in FIG. 7. 
[0066] If array antenna 101 is selected, the trans- 
mission signal is modulated by variable directivity trans- 
mission section 119. Furthermore, the directivity 
information selected by transmission directivity detec- 
tion section 501 is sent to variable directivity transmis- 
sion section 1 1 9 and directivity is changed based on 
this selected directivity information. The transmission 
signal is subjected to quadrature modulation, frequency 
conversion and amplification by radio transmis- 
sion/reception sections 105a to 105c and transmitted 
from array antenna 101. 

[0067] Here, the method of assignment of sector 
antennas 1 02 to 1 04 and array antenna 1 01 is the same 
as that of Embodiment 1 . 

[0068] Then, transmission directivity detection sec- 
tion 501 is explained using FIG. 9. Transmission directiv- 
ity is detected by receiving signals with a plurality of 
directivities, selecting the directivity with maximum 
reception power of a desired signal from those directivi- 
ties and this directivity is used as the directivity for 
downlink transmission. The method of forming directiv- 
ity is the same as that of Embodiment 1 . 
[0069] Thus, transmission directivity detection sec- 
tion 501 prepares a plurality of weighting factors for 
every direction of arrival and carries out reception with 
directivity. For example, transmission directivity detec- 
tion section 501 prepares weighting factors to form two 
directivities as shown in FIG.5. 

[0070] In transmission directivity detection section 
501, the array antenna reception signals are input to 
complex processing sections 701 and 702. These array 
antenna reception signals correspond to the outputs of 
radio transmission/reception sections 1 05a to 1 05c. 
[0071] Complex processing section 701 multiplies 
the array antenna reception signals by a weighting fac- 
tor generated by weighting factor generator 705 using 
aforementioned expression (3) to form directivity 301. 
That is, the weighting factor calculated from aforemen- 
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tioned expression (3) with n=0 is muitipiied on tlie 

reception signal of one array antenna, the weighting fac- 
tor calculated from aforementioned expression (3) with 
n=1 is multiplied on the reception signal of another array 
antenna and the weighting factor calculated from afore- 5 
mentioned expression (3) with n=2 is multiplied on the 
reception signal of the other array antenna. These mul- 
tiplication results are added up. 

[0072] Likewise, complex processing section 702 

multiplies the array antenna reception signals by the 10 
weighting factor generated by weighting factor genera- 
tor 705 using aforementioned expression (3) to form 
directivity 302. That is. the weighting factor calculated 
from aforementioned expression (3) with n=0 is multi- 
plied on the reception signal of one array antenna, the 15 
weighting factor calculated from aforementioned 
expression (3) with n=1 is multiplied on the reception 
signal of another array antenna and the weighting factor 
calculated from aforementioned expression (3) with n=2 
is multiplied on the reception signal of the other array 20 
antenna. These multiplication results are added up. 
[0073] Then, level detection sections 703 and 704 
measure the desired signal reception power of their 
respective combined signals and send the measure- 
ment results to selection section 706. Selection section 25 
706 selects and outputs the reception directivity corre- 
sponding to the greater desired signal reception power. 
If these combined signals have almost same desired 
signal reception power, the one with a greater signal-to- 
interference ratio is selected. This reception signal cor- 30 
responds to the signal sent from variable directivity 
reception signal 1 09 to switching section 1 1 0. 
[0074] This embodiment explains the case where 
an adaptive array antenna is used for the base station 
apparatus with the configuration shown in FIG. 7, but the 35 
same effect will also be obtained in a case where an 
adaptive array antenna is used for the base station 
apparatus with the configuration shown in FIG.3. 

(Embodiment 3) 40 

[0075] This embodiment explains a case where a 
technique of estimating the direction of arrival of a 
reception signal is used to detect transmission directiv- 
ity. The configuration of the base station apparatus in 45 
this embodiment is the same as that shown in FIG. 7. 
Therefore, operations other than detection of transmis- 
sion directivity are the same as those in Embodiment 2 
and so their detailed explanations are omitted. 
[0076] The transmission directivity detection sec- 50 
tion in this embodiment comprises direction of arrival 
estimator 901 and directivity formation section 902 as 
shown in FIG.1 1 . That is, transmission directivity is gen- 
erated by direction of arrival estimator 901 estimating 
the direction of arrival of a reception signal and calculat- 55 
ing the directivity based on the direction of arrival. More 
specifically, directivity formation section 902 assigns the 
direction detected by direction of arrival estimator 901 to 



90 in aforementioned expression (3) and calculates a 
weighting factor necessary to form directivity. 
[0077] The direction of arrival estimation technique 
is described in "Introduction to Adaptive Signal 
Processing Technology Using Array Antenna and High 
Resolution Direction of Arrival Estimation" published by 
the Institute of Electronics, Information and Communi- 
cation Engineers pp.62-76 (October 30, 1997), etc. 
[0078] The following effect is obtained from Embod- 
iments 1 to 3 above. 

[0079] The direction of arrival estimation technique 
can narrow transmission directivity toward terminals 
with large interference, narrow the spatial area that 
gives interference and prevent deterioration of reception 
quality of other terminals. Furthermore, diversity hando- 
ver between CDMA fixed sectors further eliminates the 
need to transmit to a plurality of sectors, preventing the 
subscriber capacity from being reduced by diversity 
handover. In a CDMA communication, if a communica- 
tion is carried out at high speed, it is necessary to 
increase transmit power but it possible to narrow the 
reception directivity toward terminals with large interfer- 
ence and improve the reception quality of terminals 
communicating high-speed data, thereby broadening 
the communication range. 

[0080] Furthermore, the direction of arrival estima- 
tion technique can improve the quality of communica- 
tion with terminals with poor communication quality 
preferentially. Furthermore, all communication appara- 
tuses with variable directivity prepared as apparatuses 
accommodate terminals with poorer communication 
quality. Therefore, it is possible to improve the quality of 
communication with terminals with poor communication 
quality preferentially. 

[0081] Furthermore, all communication appara- 
tuses with variable directivity prepared as apparatuses 
accommodate terminals carrying out faster data com- 
munication, that is, terminals with a greater amount of 
interference. This makes it possible to narrow transmis- 
sion directivity toward terminals with greater interfer- 
ence, narrow the spatial area that gives interference 
and prevent deterioration of reception quality of other 
terminals. Furthermore, diversity handover between 
CDMA fixed sectors further eliminates the need to 
transmit data to a plurality of sectors, preventing the 
subscriber capacity from being reduced by diversity 
handover. 

(Embodiment 4) 

[0082] The base station apparatus in this embodi- 
ment is a case where signals received by sector anten- 
nas 102 to 104 and array antenna 101 are combined. 
FIG. 12 is a block diagram showing a configuration of a 
reception section of the base station apparatus accord- 
ing to Embodiment 4 of the present invention. The base 
station apparatus of this embodiment applies an adap- 
tive array antenna to the base station apparatus with the 
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configuration sliown in FIG. 3. Tlierefore, tine base sta- 
tion apparatus of this embodiment is tine same as tine 
embodiment above except for tine section tinat combines 
reception signals, and so their detailed explanations are 
omitted. 5 
[0083] The base station apparatus of this embodi- 
ment combines signals received by sector antennas 
102 to 104 and array antenna 101 by combination sec- 
tion 1001. This combination section 1001 has a config- 
uration shown in FIG. 16. In combination section 1001, io 
envelope detection section 1401 detects the envelope of 
the output of variable directivity reception section 109 
and phase detection section 1402 detects the phase of 
the output of variable directivity reception section 109. 
Phase rotation section 1403 corrects the phase of the 15 
reception signal based on the phase information 
detected by phase detection section 1402. Further- 
more, the reception signal is amplified by amplifier 1404 
based on the information of the envelope detected by 
envelope detection section 1401. 20 
[0084] Likewise, also for reception signals of sector 
antennas 102 to 104, envelope detection section 1405 
and phase detection section 1406 detect the envelope 
and phase, phase rotation section 1407 carries out 
phase correction and amplifier 1408 amplifies their 25 
respective reception signals (FIG.16 only describes a 
portion corresponding to one sector antenna). Then, 
adder 1409 adds up the results corresponding to array 
antenna 1 01 and sector antennas 1 02 to 1 04. 

30 

(Embodiment 5) 

[0085] This embodiment explains another example 
of combination of the outputs of array antenna 101 and 
sector antennas 102 to 104. The configuration and 35 
operation of other than the combination section are the 
same as those in Embodiment 4. 
[0086] FIG. 17 shows a configuration of the combi- 
nation section of the base station apparatus according 
to this embodiment. The combination section sends the 40 
output of variable directivity reception section 109 and 
the reception signals of sector antennas 102 to 104 to 
weighting factor calculation section 1505 in which 
weighting factors are calculated, and complex multipli- 
ers 1 501 to 1 504 multiply the output of variable directiv- 45 
ity reception section 109 and the reception signals of 
sector antennas 102 to 104 by those weighting factors 
and adding section 1506 adds up their respective multi- 
plication results. This addition result becomes the 
reception signal. 50 
[0087] Differential section 1507 calculates a differ- 
ence between a reference signal and the combined 
reception signal and sends the result to weighting factor 
calculation section 1505 as an error signal. Weighting 
coefficient calculation section 1505 updates weighting 55 
factors using array antenna reception signals and error 
signal. 
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(Embodiment 6) 

[0088] This embodiment explains another example 
of combination of the outputs of array antenna 1 01 and 
sector antennas 102 to 104. The configuration and 
operation of other than the combination section are the 
same as those in Embodiment 4. 
[0089] When sector antennas (fixed directivity) are 
placed in different directions as shown in FIG.4, the 
reception quality of a desired signal varies depending 
on the direction. Thus, it is possible to limit signals to be 
combined beforehand. The reception section of the 
base station apparatus according to this embodiment 
has a configuration as shown in FIG. 13. Such a config- 
uration can limit signals to be combined beforehand. 
[0090] In this reception section, reception signals of 
sector antennas 102 to 104 are input to level detection 
sections 1101 to 1103 in which reception power is 
measured and the measurement results are sent to 
selection section 1104. Selection section 1104 selects 
signal whose level measured value exceeds a predeter- 
mined threshold and outputs the signal to combination 
section 1105. Combination section 1105 combines 
these signals according to the method explained in 
Embodiment 4. If the reception signals of the sector 
antennas include a desired signal and interference sig- 
nal, the reception section measures reception power of 
the desired signal and sends the measurement result to 
selection section 1 1 04. 

[0091] The embodiment above explains the case 
where the combination method of Embodiment 4 is 
applied, but the same effect can be obtained also when 
the combination method of Embodiment 5 is applied. 
[0092] Embodiments 4 to 6 above can compensate 
a drop of the level of reception signals due to fading by 
using the reception signals of the sector antennas with- 
out using a plurality of expensive array antennas. 

(Embodiment 7) 

[0093] This embodiment explains a case where sig- 
nals are received using array antenna 101 and sector 
antennas 102 to 104 and transmitted only from array 
antenna 1 01 . FIG. 1 4 is a block diagram showing a con- 
figuration of the base station apparatus according to 
Embodiment 7 of the present invention. 
[0094] In this base station apparatus, array antenna 
101 performs array antenna reception. Reception sig- 
nals are subjected to amplification, frequency conver- 
sion and A/D conversion by radio trans- 
mission/reception sections 105a to 105c and sent to 
variable directivity reception section 1 09. Variable direc- 
tivity reception section 109 performs processing using 
one of the methods explained in Embodiments 1 to 3. 
[0095] Signals received by sector antennas 102 to 
104 are subjected to amplification, frequency conver- 
sion and A/D conversion by radio transmission/recep- 
tion sections 1 06 to 1 08 and sent to combination section 



EP 1 039 663 A1 



9 



17 



EP 1 039 663 A1 



18 



1001. Combination section 1001 performs combination 
using one of the methods explained in Embodiments 4 
to 6. This combination result is sent to transmit power 
control section 1201 . 

[0096] Transmit power control section 1201 meas- 
ures the reception quality of the combined signal. If this 
measurement result is equal to or greater than a prede- 
termined threshold, transmit power control section 1201 
sends such a control signal that reduces transmit power 
of a terminal apparatus, which is the other end of com- 
munication, to frame composition section 1202. If this 
measurement result is smaller than a predetermined 
threshold, transmit power control section 1201 sends 
such a control signal that increases transmit power of 
the terminal apparatus to frame composition section 
1202. 

[0097] There are methods of measuring the recep- 
tion quality such as signal-to-interference ratio and 
block error rate that decodes CRC (Cyclic Redundancy 
Check) embedded in a reception signal, etc. 
[0098] Then, frame composition section 1202 
assigns the transmission signal and transmit power con- 
trol signal to a transmit frame format and sends this 
transmission signal to variable directivity transmission 
section 119. Variable directivity transmission section 
119 multiplies the transmission signal by a weighting 
factor according to one of the methods shown in 
Embodiments 1 to 3, sends this transmission signal to 
radio transmission/reception sections 105a to 105c of 
array antenna 101, carries out quadrature modulation, 
frequency conversion and amplification, and transmits 
from array antenna 101. 

(Embodiment 8) 

[0099] This embodiment explains a case where sig- 
nals are received using array antenna 101 and sector 
antennas 102 to 104 and transmitted only from sector 
antennas 102 to 104. FIG. 15 is a block diagram show- 
ing a configuration of the base station apparatus 
according to Embodiment 8 of the present invention. 
[0100] In this base station apparatus, array antenna 
101 performs array antenna reception. Reception sig- 
nals are subjected to amplification, frequency conver- 
sion and A/D conversion by radio trans- 
mission/reception sections 105a to 105c and sent to 
variable directivity reception section 109. Variable direc- 
tivity reception section 109 performs processing using 
one of the methods explained in Embodiments 1 to 3. 
[0101] Signals received by sector antennas 102 to 
104 are subjected to amplification, frequency conver- 
sion and A/D conversion by radio transmission/recep- 
tion sections 1 06 to 108 and sent to combination section 
1001. Combination section 1001 performs combination 
using one of the methods explained in Embodiments 4 
to 6. This combination result is sent to transmit power 
control section 1201 . 

[0102] Transmit power control section 1201 meas- 



ures the reception quality of the combined signal. If this 
measurement result is equal to or greater than a prede- 
termined threshold, transmit power control section 1201 
sends such a control signal that reduces transmit power 

5 of the terminal apparatus, which is the other end of com- 
munication, to frame composition section 1202. If this 
measurement result is lower than the predetermined 
threshold, transmit power control section 1201 sends 
such a control signal that increases transmit power of 

10 the terminal apparatus to frame composition section 
1202. 

[0103] There are methods of measuring the recep- 
tion quality such as a signal-to-interference ratio and 
block error rate that decodes CRC (Cyclic Redundancy 

15 Check) embedded in a reception signal, etc. 

[0104] Then, frame composition section 1202 
assigns the transmission signal and transmit power con- 
trol signal to a transmit frame format. On the other hand, 
the signal combined by combination section 1001 is 

20 sent to assignment control section 1 1 7, and assignment 
control section 117 assigns the sector antenna corre- 
sponding to the maximum reception level calculated by 
combination section 1001 to a transmission antenna. 
This assignment information is sent to switching section 

25 118 and the sector antennas are switched based on the 
assignment information. The transmission signal is 
modulated by the assigned transmission section, sub- 
jected to quadrature modulation, frequency conversion 
and amplification and transmitted from the antenna. 

30 [0105] Embodiments 7 and 8 above display the fol- 
lowing effects: 

[0106] It is possible to compensate drops in the 
reception signal level due to fading by using the recep- 
tion signals of the sector antennas instead of using a 

35 plurality of expensive array antennas. 

[0107] Furthermore, since drops in the reception 
signal level due to fading are not compensated by 
means of transmit power control of terminals, it is possi- 
ble to reduce the response speed of transmit power 

40 control of the transmission amplifier of the terminal and 
reduce transmit power of the terminal. 
[0108] Furthermore, it is also possible to expand 
the system according to the number of terminals 
accommodated by expensive transmission/reception 

45 apparatuses with variable directivity. 

(Embodiment 9) 

[0109] The variable directivity reception section and 
50 variable directivity transmission section are expensive 
because they carry out complicated calculations at high 
speed. Therefore, this embodiment adopts such a con- 
figuration of a base station apparatus that has a com- 
mon radio transmission/reception section, expands the 
55 variable directivity reception section and variable direc- 
tivity transmission section making it possible to add the 
number of terminals accommodated with variable direc- 
tivities. 
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[0110] FIG. 18 is a block diagram showing a config- 
uration of the base station apparatus according to 
Embodiment 9 of the present invention. This embodi- 
ment explains a case where one array antenna for vari- 
able directivities made up of N antennas and M sector 5 
antennas are provided. Furthermore, this embodiment 
is provided with q variable directivity transmis- 
sion/reception sections and p sector antenna transmis- 
sion/reception sections. Then, suppose the maximum 
number of terminals accommodated by array antennas to 
is P and the maximum number of terminals accommo- 
dated by sector antennas is Q. 

[0111] In this base station apparatus, array antenna 
1601 performs array antenna reception. Reception 
signals are subjected to amplification, frequency con- 15 
version and A/D conversion by radio transmis- 
sion/reception sections 1605a to 1605c and sent to 
variable directivity reception sections 1611a and 1611b. 
At this time, array antenna radio transmission/reception 
sections 1 605a to 1 605c are each provided with a sec- 20 
tion that outputs baseband or IF (intermediate fre- 
quency) digital signals corresponding to the maximum 
number (Q) of variable directivity transmission/reception 
sections mounted and this output is output to distribu- 
tion section 1 609. 25 
[0112] Distribution section 1609 is provided with an 
output section to a maximum of Q variable directivity 
transmission/reception sections 161 1 . The base station 
apparatus provides communication services by mount- 
ing a necessary number of variable directivity transmis- 30 
sion/reception sections (building block system). 
Variable directivity reception sections 1611 perform 
reception and transmission according to one of the 
methods explained in Embodiments 1 to 8. 
[0113] On the other hand, signals received by sec- 35 
tor antennas 1602 to 1604 are subjected to amplifica- 
tion, frequency conversion and A/D conversion by radio 
transmission/reception sections 1606 to 1608, respec- 
tively and sent to distribution section 1610. At this time, 
radio transmission/reception sections 1606 to 1608 of 40 
sector antennas 1602 to 1604 are each provided with a 
section that outputs baseband or IF digital signals corre- 
sponding to the maximum number (P) of sector antenna 
transmission/reception sections 1612a to 1612c 
mounted and this output is output to distribution section 45 
1610. 

[0114] Distribution section 1610 is provided with an 
output section to a maximum of P sector antenna trans- 
mission/reception sections 1612. The base station 
apparatus provides communication services by mount- so 
ing a necessary number of sector antenna transmis- 
sion/reception sections 1612. Variable directivity 
reception sections 1612 perform reception and trans- 
mission according to one of the methods explained In 
Embodiments 1 to 8. 55 
[0115] Embodiment 9 above measures the recep- 
tion quality of a combined signal, performs transmit 
power control based on this result and controls assign- 
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ment of sector antennas and array antenna, thus mak- 
ing it possible to minimize transmit power of each 
terminal and decrease interference, thereby increasing 
the subscriber capacity. 

[0116] As described above, taking into account an 
optimal reception characteristic of a communication 
apparatus with variable directivity, the base station 
apparatus and radio communication method of the 
present invention have a communication apparatus with 
variable directivities positively accommodate communi- 
cations with terminals with poor reception conditions, 
making It possible to reduce power of these terminals, 
reduce interference and increase the subscriber capac- 
ity in the system. Furthermore, the present invention 
can simplify control, make the system resistant to fading 
in a mobile communication environment and change the 
number of terminals accommodated with variable direc- 
tivities. 

[0117] This application is based on the Japanese 
Patent Application No.HEl 10-285642 filed on October 
7, 1998, entire content of which is expressly incorpo- 
rated by reference herein. 

Industrial Applicability 

[01 1 8] The present invention is applicable to a base 
station apparatus In a digital radio communication sys- 
tem. 

Claims 

1. A base station apparatus comprising: 

at least one first communication means for car- 
rying out a communication with fixed directivity; 

at least one second communication means for 
carrying out a communication with variable 
directivity; and 

assigning means for assigning communica- 
tions to said first and second communication 
means according to communication conditions. 

2. The base station apparatus according to claim 1, 
wherein assigning means assigns a communication 
with small interference with other terminals to said 
first communication means and a communication 
with large interference with other terminals to said 
second communication means. 

3. The base station apparatus according to claim 1, 
further comprising rate identifying means for meas- 
uring a data rate of the reception signal, wherein 
said assigning means carries out assignment 
processing based on the data rate information from 
said rate identifying means. 

4. The base station apparatus according to claim 3, 
wherein said assigning means assigns a communi- 
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cation at a relatively low data rate to said first com- 
munication means and a communication at a 
relatively high data rate to said second communica- 
tion means. 

5. The base station apparatus according to claim 
1, further comprising quality measuring means for 
measuring the quality of the reception signal, 
wherein said assigning means carries out assign- 
ment processing based on the measurement result 
from said quality measuring means. 

6. The base station apparatus according to claim 5, 
wherein said assigning means assigns a communi- 
cation with relatively poor quality to said second 
communication means. 

7. The base station apparatus according to claim 1, 
further comprising rate identifying means for meas- 
uring a data rate of the reception signal, wherein, 
when the number of terminals carrying out at a rel- 
atively high data rate is greater than the number of 
said second communication means, said assigning 
means preferentially assigns a communication with 
terminals located far among said terminals to said 
second communication means. 

8. The base station apparatus according to claim 7, 
further comprising: 

quality measuring means for measuring the 
quality of the reception signal; and 
determining means for determining said far ter- 
minals based on the measurement result from 
said quality measuring means. 

9. The base station apparatus according to claim 1 , 
further comprising rate identifying means for meas- 
uring a data rate of the reception signal, wherein, 
when the number of terminals carrying out at a rel- 
atively high data rate is greater than the number of 
said second communication means, said assigning 
means preferentially assigns a communication with 
terminals carrying out communications at higher 
data rate among said terminals to said second 
communication means. 

10. A communication terminal apparatus carrying out a 

radio communication with a base station apparatus, 
said base station apparatus comprising: 

at least one first communication means for car- 
rying out a communication with fixed directivity; 
at least one second communication means for 
carrying out a communication with variable 
directivity; and 

assigning means for assigning communica- 
tions to said first and second communication 



means according to communication conditions. 

11. A radio communication method comprising the 
steps of: 

5 

measuring a data rate of a reception signal; 
assigning communications to at least one first 
communication means for carrying out a com- 
munication with fixed directivity based on the 
10 measured data rate information and at least 

one second communication means for carrying 
out a communication with variable directivity. 

12. The radio communication method according to 
15 claim 13, which assigns a communication at a rela- 
tively low data rate to said first communication 
means and a communication at a relatively high 
data rate to said second communication means. 
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